The mortality dynamics experienced in the latest decades, especially at adult and old ages, has motivated the introduction of major innovations in the modeling of mortality for actuarial applications; such innovations concern, in particular, the representation of the uncertainty relating to aggregate mortality.
Introduction
Causes of risk in life insurance and pension plans relate to financial aspects (e.g. investment yield, inflation, etc.), biometric aspects (e.g. lifetimes of policyholders, frequency of disability, etc.), policyholders' behavior (lapses and surrenders, etc.), expenses. In this paper we deal with biometric aspects only, focusing on policyholders' lifetimes, which in turn determine the mortality, namely the frequency of death in a life insurance portfolio (or a pension plan).
Mortality constitutes an important source of risk in a life insurance portfolio. A number of risk factors affect the mortality risk profile of an individual (briefly, the individual mortality) in respect of the general mortality level in the relevant population (briefly, the aggregate mortality); among these, we mention: age, gender, health status, occupation, smoking status, etc. Conversely, improvements (or other changes) in medical treatments, socioeconomic conditions, general living standards, and so on originate trends in the aggregate mortality, which in the latest decades have proved to be decreasing, in particular at adult and old ages.
Among the individual risk factors, the insured's age always enters actuarial valuations, via the age-pattern of mortality. In an age-discrete context, the age-pattern of mortality is described by a life table, which provides for each (integer) age x, between 0 and a maximum attainable age, or "limiting age", ω (usually chosen in the range 110-120), the probability q x of dying before age x + 1 (also called the mortality rate), or the expected number l x of people alive at that age in a notional cohort of, say, 100 000 individuals (the "radix" of the life Whatever the type of the table (either cross-sectional, or cohort-based), its use to assess only expected values means that a deterministic approach is adopted.
Provided that the life table replicates appropriately the mortality in the portfolio, just random fluctuations may emerge, whose impact reduces in relative terms (i.e., per policy) as the portfolio size increases. However, the uncertainty in the level of future mortality, mainly due to unanticipated trends at adult and old ages, originates the risk of systematic deviations, whose relative impact (i.e., per policy) is unaffected by the portfolio size (thus constituting a rather new type of risk for the insurance and pension industry). When unanticipated mortality improvements are concerned, this systematic risk is usually called the (aggregate) longevity risk. Special attention is required when dealing with long-term living benefits.
The early actuarial models allowing for the risk of random fluctuations in mortality were developed in the 19th century (see e.g. Pitacco 2004 and references therein). Nevertheless, practical implementations followed much later, when computational power (and then the possible use of stochastic simulation procedures) was gained.
As regards the construction of projected tables, traditional methods rely on the extrapolation of mortality trends observed in the past, and hence yield a deterministic
